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This invention relates to a method of providing rechan^cal 
energy in dual node applications; that is where ir. ore rode, 
(which w e shell re'er to as the electr ?c rrode ; , electrical 
energy is converted into mechanical energy, and in a second 

5 node ( the pon-e lectr5 o rode;, an output of mechanical er.ercy 
:s required for an ir.put mechanical energy. 

♦"his invention, which we shall refer to as a dual rode 
er.ergv trarsr 5 ssion and conversion system, was conceived ir. 
relation to :ual rode transportation, where vehicles are 

J' N designed to run on corvent^onal roads in one rrode, arc to 
iraa the energy for propulsSon fror ar electric conductor 
rh il . wher oneretfr.g or electric road 1 ?. Other Apnlir.at,* nns 
are possjllSj but it is best explained 5r. relation to such 
duel rode transport svsters- 

15 A dual rode veMcle irust have rcears *or stor:r~ ener.r^ for 
operating on conventional roads. Perhaps the simplest aolutJoi. 
:s to store electrical energy ?r a storage battery,, an«i to use 
the sare electric motor, or rotors ir. both j;odes. But the 
inadequacy of present batteries 5s, rtself, a aorrpelling force 

2? ur,r?r^ the electric road upon us- "Jrtil the transition fror 
convert? oral to electric roads has advanced to the stage where 
travel or. the remaining conventional roads is so srrall that 
storage batteries, ever; in thefr nresent for*, would be ade- 
quate, we nr.ust look to the existing solutions to self cortained 

26 auton:objlity— beat er.gires, which in most cases require a 
torque converter to couple their to the wheels. 



In one solution to this dual rrode problei:, a beat engine 
with its otti: torque converter is coupled to the wheels Jn 
the r.on electric , w; tb ar. electric notor used ,ojxlv it the 
electric mode. A second solution makes use of the electric 

5 aotor, or rotor.?, in a purely electrical systeu of torque 
sor;vers5on (liVe that used on diesel-electric railway loco- 
motives;, to drive the wheels 5.r both modes , 3ut we nay still 
have en uneasy conscience about the file generator, uselessly 
coupled to the prime rr.over, wheii operating on an electrJo 

10 road. 

Fig.l shows a generator, 0, coupled to the recbar.ical 
input, IP, by neans of a clutch, CI, "or uncoupling the 
generator fron the prime mover and coupling it to the motor, 
M, by reans o? C2, In the electric mode G could be used as a 
15 irotor, an J the Mxj/r-uis power available would be roughly double 
that in conventional operation. This may be an ideal .charact- 
eristic where speeds are nruoh higher on the electric road than 
off it. 

The opposite extreme is illustrated in Figs .22,23,24 and 25, 
20 being longitudinal cross sections along the axes of the 

re chines • The inputs and outputs are shown as IP and OP resp- 
ectively, GR is one element of ar electrical machine, GS is 
the other, concentric element which interacts with it, but the 
cylindrical fonr suggested by these diagrams, and irost of the 
E5 others, is of ows« i,ot the Ox:ly Jum, puesibls, wAji *l;ere 
dj.saussion is limited to rotating machines. GS and GH, and XS 
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and 1'R introduced later, are meant to refer to the elenents 
or electrical machines of the most general possible type. 

In rigs,<j2,23,24 and 25, the input neohanicaj. torque is 
transferred, by electrically generated forces acting between 
5 GS ar.d GK, to the output OP, Such a torque converter will be 
inefficient where GR and GS have a large relative slip* If 
such a device were designed on the basis that periods of hi^h 
slip would be short lived, and that normally little energy 
would be converted into electrical energy, then 5n the electric 
IC node we would have ar, electrical rachine of rruch lower rating 
than the prime mover. 

Betweer Fig. I 5n which r.o energy is transmitted mechanically 
and ?i-s.22 to 25, in which no enerjv is transmitted electric- 
ally there lies a class of torque converters, 3n which part of 
15 the energy is transmitted rechanically and part electrically, 
txarpl** of *"<rh dl f f er*r.t inl f or power shunt type electric 
torque converters are shown in Pigs, 2, 3, 4, 5,5,7,8, 12,14,15,16, 
17,38,19, and *C. 

In all the above examples, with the exception of 
20 when the speed of OP is small, a large proportion of the 

input mechanical energy is converted into electrical energy, 
and a large additional torque or force ca& be produced in the 
motor section, by the interaction of the elements KK and l;S. 
'"hen the speed of OP cr-d IP i? such that the relative speed 
2b of the generator elements is swll ♦ little energy need be 
converted, and the motor could even be disconnected, the 



generator nrerely supplying its own losses- Thus it can be seer, 
thet Figs. 22, 23, 24 and 25, represent degenerate cases of the 
power sbunt torque converter, and can be obtained by a change 
an electrical connections. 
5 Similarly by, for example, by interposing a clutch between 

GS and VR, and locking OS, in Fig. 4 the power shur.t torque 
converter degenerates to the all elestris system. 

low suppose IP were fixed relative to the frame F, by fljeans 
of sore kind of locking mechanism, represented diagracnatically 
10 by B, in Figs. 2, 3, 4, 5,6, 7, 8,12,14,15, IS, I7,I8?I9, and 20. The 
generato r section cou!3 the be used as a <;otor , and the nax- 
iirnir power available in tbe electric mode woulddlJe between 
the two extreme cases above. But B need not be operative all 
the time the systea 3s in the electric mode; eny syster, as 
15 described. er,ploy ? ng such a mechanism falls withia the scope- 
of the present invention. Similarly, the generator section 
in such two electrical nachine systers, could be arranged as 
a rotor, to feea n.echanisal energy out through IP, to*charge M 
a flywheel or tbe like, or to start a prime mover, such as a 
20 petrol en^ir.e, which needs to be cranked to start. 

Within that class of err.bobiirents which eirploy one, two, or 
ever: three principal electrical machines, it is possible to 
subdivide :nto those ??hich employ a differential gear train 
of sone tvpe, or its equivalent where other than rotary 
25 rrotion is used, &rd those which do not. Fig.IS-ar.d 13 show 
ti?o possible types of gear trains, where 5n Fig. 13, S is the 
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sun gear, P a planet, PC ft planet carrier and R the ring gear. 
Fig. 19 shows yet another type of differential gear train. 
Figs. 10 and II show a linear equivalent where the links, LI, 
L2, and L3 execute a reciprocating motion. Tfamerous embodiments ; 

5 are made possible according to which element of the different- 
ial gear train is connected to what. Figs .16,23,24, and 25, 
show a general differential gear train DG, with various 
internal permutations being possible, two of which for Fig. 16 
are shown in Figs. 14 and 15. One virtue of the systems 

10 employing differential gear trains and the like, is that GS 
and VS can be truely stationary, relative to the frame, altho- 
ugh this is not necessary. 

'Ve are not limited to rotary motion and any suitable form 
of motion may be used, A system, which in the non electric 

15 jiod6, converts oscillating motion into contuous rotary motion, 
is sfcown in Fig§ f $ and 7, Fig being an *nd vi«?, and fig. 7 a 
longitudinal cross section. GHI and GR2 oscillate 180° out of 
phase, but this is not essential and is merely the result of 
coupling the links RI, LI, R2 end L2 with a reciprocating 

20 member, which may be locked by B, for pure rotary operation 
in the electric mode* SRI contributes torque only when 
n.oving in one direction, ard is idle on the return stroke. 
GR2 is providing a torque then however, the whole action is 
like a rachet with alternately operating pawls. As before 

2& the energy which is converted into electrical energy may 
be transmitted to the motor section, MR and MS. 



ri£*8 illustrates a reciprocating version nJth both irput 
ar.: output recbers reciprocating* This is clearly the linear 
analogue of Flg.itf. Fig. 9 is a set of graphs of ^input e-d 
output speed and force plotted against time, for such a 

5 rechaniair as FI*.S. By ir,eans of automatic switching devices, 
not shown, GS imparts a force to GK and so to OP, or.b* when 
the input speea has the sar e direction as the output speed. 
This force is added to the force produced by the interaction 
of MR and IS to produce an output force vs. time curve of 

10 ti,e forr shown it the final gM?&. 

i'he embodiments shown in figs .4,a,4,b,b, 7,8,12,14,15 urd 16 
are all torque, or force increasers and speed reducers in the 
ron electric mode. By swapping the functions of generator and 
otor this can be reversed to tor4ue or force reducers ana 

15 speea increasers. (. trictly speaking tnis ignores the eflect 
of fear trains interposed between input ana output.; 

A second class of nmchines could be produced by simply 
turning the above diagrams throu£D 180° and swapping IP ana 
OP. Fi<%!7 is in fact r'ig.ij transformed in tnis nay. /'here tne 

20 the element thus connected to the input remains part of a 
rotor a torque, or force increase and speed reduction are 
obtained. The functions of motor ai»a generator can similarly 
be reversed in this class of etrbodircei.t? to give the r^vftrs* 

2Z £o far vie have limited discussion to at most two electrical 
machines. Three are possible, without duplication, as shown ir 



Kigs.IS and 19, even where we restrict ourselves to on* inp^z 
art- 3 N- M«3"lti la /l s . T 3 , it would he pnnitihlA to use all 
three machines as uotors without physically coupling GRI and 
KR but this be done if desired by means of a mechanism 
such as C2, which couples G32 to Ifit in the non electric mode, 
where straight through drive is not required, and GK2 to MR in 
the electric mode. GS2 would then have to be locked by a brake 
B^or the like. Fig. 19 shows a simillar system, which has the 
virtue, not drawn in any of the other differential systens, 
although possible there too, that the gears are not in relative 
motion, when operating in the electric mode. 

There are a large number of permutation possible, anongst 
the types considered so far, but where the number of mech- 
anical inputs and/or outputs is increased beyond one, as in 
rigs,20 and 21, the possibilities are enormous. 

The diagrams at* by no means exhaustive i fany embodiments 
falling within the scope of the present invention are 
feasible, and it would be impossible to describe them all* 
in the space available 



The clairs defining the invention are as follows: — 

(I). A dual mode energy transmission and conversion systen, 
corprising In the most general case, inputs and outputs for 
mechanical energy, and inputs and outputs for electrical 

5 energy, so that in one o" its principal modes of operation, 
which shall he referred to as the e lectric, irode . electrical 
en ergy is supplied to the system and is substantially 
c onverted into mechti Li.cAl,fiJ lfrgy , which nieobanical energy 
is obtained at an output , or outputs, or flows in a reverse 

10 sense through what it wUl be convenient to call an input, or 
inputs, into weans for storing mechanical energy, or both 
simultaneously depending on the particular err.bod'-ment and the 
ci rcunistanoes; and in a second noje . which shall be referred 

to as the non electric irode, ir.echajqisa^A^^ 
15 an input, or inputs, anS .an^outnut^ or out puts ofLj n echan'- cal 
energy obtained, this latter process being characterised by 
the conversion of some part of the input jr-echanical energy 
into electrical energy, for at least some conditions of oper- 
ation in this mode; said conversion taking place in an elect- 
20 rjcal machine, or machines, and said machine, in enbodi itents 
which have only one, is used to convert electrical energy into 
mechanioal energy, and in embodiments where two or more such 
machines are used, all of said machines, or any combination, 
f5xed in some embodiments but with provision to change from 
25 one combination to another, to suit circumstances, in other 
embodiments ) are used to convert an input of electrical 



energy into D.-echanicel energy, 

(2J, A dual mode energy transmission and conversion system, 
comprising an input and an output for mechanical energy, and 
an input for electrical energy, and in which in the non elect- 
5 ric n.ode, necbanical energy is transmitted from mechaaical 
input to output, via two paths, one mechanical, the other 
electrical. Part of the input mechanical energy is converted 
into electrical energv (in an electrical G?.*hin*, or machines 
which will hereafter be referred to as a generator, or gener- 
ic ators), end substatially the whole of said electrical energy 
is transmitted and reconverted into mechanical energy, (in an 
electrical machine, or machines, which will hereafter be 
referred to as a motor, or motors) and combined with the 
remainder which was transmitted mechanically. The proportion 
15 of the input mechanical energy which is transmitted electric- 
ally is fixed in some embodiment s , and variable in others, and 
jriay take extreme values approaching unity in some embodiments, 
in which case no energy is transmitted via the mechanical 
p path, or of zero in other embodiments, in which case no energy 
20 is transmitted via the electrical path, and in further 

embodiments said proportion may be variable and assume one or 
other of these extreme values under some operating conditions,' 
At least some if not all, of the electrical energy which is 
in the case where no energy is transmitted electrically is 
25 consummed in losses, within the generator, or. generators . The 
combination of all of the above embodiments with the feature 



that said generator, or generators, is or are, transformed by 
suitable means, so as to convert an input of electrical erergy 
into necbanical energy when operating in the electric mode 
constitutes Claim 2* 

5 (3;« A dual mode energy transmission and conversion system, 
comprising a frame, an input member, an output member, two 
generator elements, and in addition in a large number of 
embodiments two motor elements, said input irember, output 
member, and some or all o? the other elements, described above 

10 according to the particular embodiment of the system, either 
rotating, reciprocating, oscillating or executing any other 
suitable form of motior relative to the frame. In one class of 
enbodiments of the system, one generator element js coupled to 
the input member and the other generator element 5s coupled to 

15 the output member; a torque or force aoplied to the input 
member is substantially transmitted to the output s ember by 
means of electrically generated forces acting between the two 
generator elements. In a second class of embodiments the 
electrical energy produced in the generator is substantially 

30 converted into mechanical energy by the interaction of the 
motor elements, and the torque, or force so produced added to 
the torque, or force transmitted through the generator* In a 
third class of embodiments one generator element is fixed to 
the frame, the other coupled to the input sember, and to a 

25 rotor elenent, and a torque, or force, applied. to the input 
nember is opposed by the interaction of the generator elements 
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so that a reduoed torque, or force is transmitted to the 
rrotor element which is coupled to the input member v5a a 
generator element. The electrical energy produoad in the 
generator is substantially converted into mechanical erer^y 
& in the rotor, so that an angular or translational velocity ;s 
to the velocity possessed by the motor element which is 
coupled to the input member. In a fourth class .of emboli /rents 
substatially the whole of the input mechanical energy is 
converted into electrioal energy in a generator, and said 

TO energy i s substantially converted \nto mecbanioal energy in a 
motor, The combination of all the embodiments within these 
four classes, with the feature that said generator is trans- 
formed, by suitable means, to function as an electric motor, 
so that an input of mechanical energy is converted into 

15 mechanical energy when ODerating in the electric mode 
constitutes Claim 3. 

A dual mode energy transmission and conversion system, 
comprising a frame, elrmsnts and members as claimed in Claim 3, 
with the addition of a differential, planetary, cr simiUar 

20 ge&r train, or the analogues of such gear trains where other 
than rotary motion is used, such mechanisms being characterised 
by having three variables which define their state, such as for 
example the angular positions of the shafts in a gear train, 
and furthermore the value of one of said three variables is 

*5 completely determined by the values of the otVer two. The 
The shafts, or other moving members of such mechanisms, the 



frame, the Input member, the output member, the generator 
elements, and where used the motor elements, r*ay be coupled 
together to form numerous embodiments of the system. The 
combination of all of said embodiments with the feature that 

S said generator is transformed by suitable means, to function 
as an electric motor so that an input of electrical energy is 
converted into mechanical energy when operating in the electric 
irode, constitutes claim 4 

(5 ; ♦ A dual mode energy transmission and conversion systsm, 

10 comprising two electrical machines, as for sore embodiments 
claimed in olain.s 3 and 4, one of which electrical machine 
acts as a generator, the other as a motor, when operating in 
the non electric j..ode, (although these roles may be inter- 
changed whilst operating in the non electric mode), in 

15 combination with the feature that, when operating in the 

electric mode, said two electrical chines may b<? used in one 
of the following three ways to provide mechanical power, 
firstly they may both be used as motors, secondly the machine 
which serves as the generator in the non electric mode, may 

20 be used by itself, and thirdly, the motor may be used by 

itself, in these latter two conditions, as a motor, and in some 
eubodiments changes can be made from one condition to another 
to suit varying operating requirements ♦ 

(6;. A dual mode energy transmission and conversion system, 

25 as claimed in claims 3 and 4 with the addition of a third 
electrical machine, whose two elements are ooupled to other 
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ele^ents, input and output members, rerbers of a differential 
mechanism, where used, and the frame in such a way that the 
physical connections of another electrical machine are not 
irerely duplicated, so as to form numerous embodiments of the 

5 system. The combination of all said embodiments with the 

feature that all three electrical machines, or any combination 
of two, or any of the three acting by itself, rray be used to 
convert an input of electrical energy into mechanical energy, 
and that in some embodiments ohanges can be made from on 

10 condition to another, when operating in the electric mode 
constitutes claim 6 

(7) . A dual mode energy transmission and conversion system, 
as claimed in claims 2 , 3, 4 and 6 with the addition of extra 
irputs and/or outputs for mechanical energy, and electrical 

15 jrach*nes and differential gears as required, with the feature 
that all the electrical machines may be uaed together, or in 
various combinations, in a similiar way to that claimed in 
claims S and 6* 

(8) . A dual mode energy transmission and conversion systeu., 
*0 as claimed in claims a, 3, 4, 6, and 7 with a neans for 

storing mechanical energy coupled to the input, or inputs, for 
mechanical energy, so that an input of electrical energy may 
be convertedinto mechanical energy, said mechanical energy 
flowing out tboough the input , or inputs and stored, or a 
£b proportion flowing in this sense, the remainder flowing 

through the outputs, or outputs, or the whole of said energy 
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mechanical energy flowing through the output as previously 
claimed ♦ tfhen operating in the non electric mode, energy is 
withdrawn from the means for storing cechanicaj. energy, and 
applied to an inout, or inputs, (where for our purposes it 
5 becomes ina ist iaguishable from mechanical energy produced in 
any other way; ard transmitted to the output, or outputs ts 
claimed previously. 

(9) . A dual code energy transmission and conversion system, 
as clrimed previously, with the addition of means for storing 

10 electrical energy, so that when operating 5n the non electric 
TT.ode electrical energy may be withdrawn from said means, ard 
converted into mechanical energy within the system where the 
?nput mechanical energy is less than the required output 
mechanical energy, or conversely where there is an excess of 

15 mechanical energy this may be converted in the system and 

stored, and similarly when oprating in the electric node, said 
means of storing electrical energy may either store, or suppl- 
ement the input electrical energy^ 

(10) .A dual mode energy transmission and conversion system, 
20 as claimed previously, with provision for converting a flow 

of mechanical energy, in a reverse sense from an output, or 
outputs, into the system; into electrical energy which may be 
stored, as claimed in claim 9, or fed in a reverse sense out 
through the electrical energy input; or saia mechanical 
25 energy may be transmitted :n part mechanically, ard ?r part 
electrically, ard stored in a means of storing mechanical 
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erergy as claimed in claim 8» 

(II), A dual mode vehicle, comprising a dual mode energy 
transD'l ssion and conversion system as claimed,,^ prizre rover 
or prime covers, or a means for storing mechanical enerpy as 
claimed in claim 8, or a combination of both, and means for 
collecting electrical energy from a source, or sources 
external to the vehicle. 

(12;, A dual mode vehicle as claired in claim II, with 
means for storing electrical energy, as claimed 5n olairr 9 or 
on a smaller scale a means for storing electrical energy, 
whose chief function would be to provide starting current for 
prire movers, either using separate electrical machines for 
starting purposes, or a suitable machine witbJn the dual mode 
energy transmission and conversion system, and with-drawing 
sufficient energy from the system, to keep the means "charged". 



Tht claims defining the invention are a* follow* ; •„ 
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